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第三部分： P-S-Csp3 键的构建；发展了 Cu(OTf)2 催化氢亚磷酸酯、单质硫、
苄醇三组份“一锅法”合成 S-苄基磷酸酯的新方法。该反应条件简单绿色，原子经
济性高，底物适应性好，避免了使用有刺激性气味的有机硫化合物，从而提供了



















Organophosphorus compounds have broad applications in the fields of organic 
synthesis, pharmaceuticals and agrochemicals. Heterocyclic phosphonates are 
ubiquitous and exhibit interesting biological activities and potential pharmaceutical 
applications. However, relevant synthetic methods are limited. Reactions involving 
organophosphorus radicals have a long history, and they are useful reactive species in 
synthetic organic chemistry, which provide an efficient approach to prepare a series of 
heterocyclic phosphonate compounds. 
In this paper, we developed a facile catalytic method for the preparation of 
phosphonoisoquinolinediones via phosphonation–cyclization of various 
methacryloylbenzamides with P(O)H compounds. This method provides a rapid 
access to a broad spectrum of phosphonoisoquinolinediones in moderate to good 
yields. Moreover, the use of inexpensive Cu(II) catalyst, using readily-prepared 
methacryloylbenzamides and P(O)H compounds mean that this facile protocol will be 
attractive for academia and industry. 
Spirocyclic compounds are an important class of heterocycles widely found in 
many bioactive compounds and functional molecules. They also serve as versatile 
synthons in organic synthesis. We have developed a highly efficient protocol for the 
preparation of various 1,3,8-trioxo-2-azaspiro[4.5]deca-6,9-dien-4-yl)methyl) 
phosphonates by copper-catalyzed cascade difunctionalization of alkenes involving 
phosphonation of N-methacryloyl-N-alkyl-p-nitrobenzamide, 5-exo cyclization and 
dearomatization. A series of spirocyclic compounds containing P-substituents could 
be obtained for the first time in excellent yields catalyzed by the cheap copper salt. 
We also developed a straightforward and practical approach for the construction of 
P-S-Csp3 bond from alcohols, sulfur and H-phosphonates under the catalysis of lewis 
acid Cu(OTf)2. It proceeds with moderate yields and provides an attractive approach 
for the construction of valuable S-benzyl phosphorothioates using a one-step strategy. 
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符号 英文含义 中文含义 
Ar Aryl 芳基 
BHT 2,6-Di-tert-butyl-4-methylphenol 二叔丁基-4-甲基苯酚 
Cat Catalyst 催化剂 
DCM Dichloromethane 二氯甲烷 
DCE 1, 2-Dichloroethane 1, 2 二氯乙烷 
DME 1, 2-Dimethoxyethane 乙二醇二甲醚 
DMF N, N-Dimethyl formamide N, N-二甲基甲酰胺 
DMSO Dimethyl sulfoxide 二甲基亚砜 
DTBP Di-tert-butyl peroxide 二叔丁基过氧化物 
DMEDA N, N-Dimethylethylenediamine N, N-二甲基乙二胺 
Phen 1,10-Phenanthroline monohydrate 1, 10-菲啰啉 
Pd2(dba)3 Tris(dibenzylideneacetone)dipalladium 三(二亚苄基丙酮)二钯 
TBAI Tetrabutylammonium iodide 四丁基碘化铵 
TBHP tert-Butyl hydroperoxide 叔丁基过氧化氢 
Tempo 2,2,6,6-Tetramethylpiperidinooxy 2,2,6,6-四甲基哌啶氧化物 
t-Bu tert-Butyl 叔丁基 
TLC Thin layer chromatography 薄层色谱 
TMEDA N,N,N',N'-Tetramethylethylenediamine 四甲基乙二胺 
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